Introduction
============

At present, ovarian cancer has the third highest incidence rate (3%) and the highest mortality rate (5%) worldwide among gynaecological malignancies ([@b1-ol-0-0-11639]). Epithelial ovarian cancer (EOC) accounts for \>95% of ovarian malignancies and \>50% of the patients with ovarian cancer are not diagnosed at an early stage. Furthermore, the recurrence rate of EOC is high (\>80%) ([@b2-ol-0-0-11639]), which provides an explanation for the high mortality rate associated with the disease ([@b3-ol-0-0-11639]). Moreover, the mechanisms underlying the origin, pathogenesis and metastasis of EOC are not completely understood, which makes early diagnosis difficult.

Long non-coding (lnc)RNAs are non-coding RNAs with transcripts \>200 nucleotides in length. lncRNAs are widely distributed in a number of tissues, for example brain, lung, heart and ovaries, and their expression is often tissue- and time-specific ([@b4-ol-0-0-11639],[@b5-ol-0-0-11639]). Although the functions of a number of lncRNAs are unclear, it has been reported that they are involved either directly or in the regulation of development, cell differentiation, metabolism and other biological processes ([@b6-ol-0-0-11639]). lncRNAs can regulate gene expression at the epigenetic, transcriptional and post-transcriptional levels, which is closely associated with the occurrence, development and prevention of human diseases ([@b6-ol-0-0-11639]--[@b8-ol-0-0-11639]). Recently, an increasing number of studies have detected significant differences in the expression levels of lncRNAs between normal and tumour tissues ([@b9-ol-0-0-11639]--[@b11-ol-0-0-11639]). For example, brain cytoplasmic RNA1 is highly expressed during breast, lung, tongue and ovarian cancer, and HOX transcript antisense RNA expression is significantly higher in a number of tumour tissues compared with normal tissues ([@b12-ol-0-0-11639]).

MicroRNAs (miRNAs) are small non-coding RNA molecules, 18--22 nucleotides in length, that are present in eukaryotic cells. miRNAs bind to the 3′ or 5′ untranslated region (UTR) of specific target genes, by complete or incomplete complementary base pairing, in order to inhibit the translation of, or directly degrade the target mRNA, which ultimately affects downstream signalling. miRNA expression is important during cell proliferation, differentiation, apoptosis and autophagy ([@b13-ol-0-0-11639]). Several studies have demonstrated that lncRNAs can act as competitive endogenous (ce)RNAs to regulate the aggregation and biological function of miRNAs ([@b14-ol-0-0-11639]), thereby affecting mRNA expression ([@b15-ol-0-0-11639],[@b16-ol-0-0-11639]). Bioinformatics analysis can clarify the regulatory mechanisms underlying lncRNAs by predicting the miRNAs that they compete for. Therefore, bioinformatics analysis can provide a theoretical basis for identifying novel markers for the early detection, timely diagnosis and clinical intervention of ovarian cancer ([@b17-ol-0-0-11639]).

A previous study reported that inorganic pyrophosphate (*PPA1*) is closely associated with the occurrence and development of ovarian cancer ([@b18-ol-0-0-11639]). Luo *et al* ([@b19-ol-0-0-11639]) demonstrated that *PPA1* is associated with several genes \[heat shock protein family B (small) member 1 (*HSPB1*), tumour protein p53 (*TP53*), unc-119 lipid binding chaperone (*UNC119*), small ubiquitin-like modifier 4 (*SUMO4*) and SET domain bifurcated histone lysine methyltransferase 1 (*SETDB1*)\] in ovarian cancer cells. *HSPB1* ([@b20-ol-0-0-11639]), *TP53* ([@b21-ol-0-0-11639]) and *UNC119* ([@b22-ol-0-0-11639]) are closely related to cell proliferation and apoptosis, whereas *SUMO4* ([@b23-ol-0-0-11639]) and *SETDB1* ([@b24-ol-0-0-11639]) are associated with regulating transcriptional activity. Therefore, the aim of the present study was to compare the lncRNA expression profiles of five ovarian cancer cell lines and an ovarian epithelial cell line, in order to identify differentially expressed lncRNAs and their associated miRNAs.

Materials and methods
=====================

### Cell culture

The human EOC IGROV1, A2780, SKOV3, ES2 and Hey cell lines were purchased from the American Type Culture Collection. The human ovarian epithelial IOSE80 cell line was obtained from Wuxi Innovate Biomedical Technology Company ([www.innovatbio.com/](www.innovatbio.com/)). All cell lines were cultured in RPMI-1640 medium (Corning, Inc.) supplemented with 10% foetal bovine serum (Gibco; Thermo Fisher Scientific, Inc.) and 1% penicillin/streptomycin at 37°C with 5% CO~2~.

### RNA extraction and lncRNA microarray assay

Total RNA was extracted from EOC and IOSE80 cells using TRIzol^®^ (Invitrogen; Thermo Fisher Scientific, Inc.) and quantified using a NanoDrop ND-2000 spectrophotometer (Thermo Fisher Scientific, Inc.). RNA integrity was assessed using the Agilent Bioanalyzer 2100 (Agilent Technologies, Inc.). Total RNA was reverse transcribed into double-stranded cDNAs (ds-cDNAs) using a Quick Amp Labeling kit (p/n 5190-0442; Agilent Technologies, Inc.) according to the manufacturer\'s protocol and oligo dT primers at 40°C for 2 h and 65°C for 15 min. The ds-cDNAs were then labelled with Cy3 and hybridized onto the Human lncRNA Microarray (version 4.0; Shanghai Kangcheng Biological Engineering Co., Ltd.), which contains probes for 40,173 lncRNAs, as previously described ([@b25-ol-0-0-11639]). Following hybridization, the microarray slides were washed using Gene Expression Wash Buffer 1 (p/n 5188--5325; Agilent Technologies, Inc.) and Gene Expression Wash Buffer 2 (p/n 5188--5326; Agilent Technologies, Inc.), scanned using the Agilent Microarray Scanner (p/n G2565BA; Agilent Technologies, Inc.), and analysed using Agilent Feature Extraction software (version 11.0.1.1; Agilent Technologies, Inc.). Quantile normalization and subsequent data processing were performed using GeneSpring GX software (version 12.2; Agilent Technologies, Inc). Subsequently, lncRNAs and mRNAs were selected for further data analysis. Differentially expressed lncRNAs and mRNAs with statistical significance between the EOC and IOSE90 cell lines were identified by P\<0.05 and \|fold change\| \>2.

### Reverse transcription-quantitative PCR (RT-qPCR)

qPCR was performed using the SYBR Green RT-PCR Master mix (Applied Biosystems; Thermo Fisher Scientific, Inc.). The following thermocycling conditions were used for reverse transcription: 5 min at 37°C, 60 min at 42°C, and 10 min at 70°C. Samples were stored at −20°C until further analysis. The following thermocycling conditions were used for qPCR: Initial denaturation at 95°C for 10 min, followed by 40 cycles at 95°C for 10 sec and a final extension at 60°C for 60 sec. The following primer pairs (Takara Bio, Inc.) were used for qPCR: Neuropeptides B and W receptor 1--2 (NPBWR1-2) forward, 5′-TTTTCATTTTTATGTATGGGCA-3′ and NPBWR1-2 reverse, 5′-ACAACAGAACTCGTTTTAAGTTAC-3′; and β-actin forward, 5′-GTGGCCGAGGACTTTGATTG3′ and β-actin reverse, 5′-CCTGTAACAACGCATCTCATATT-3′. lncRNA expression levels were quantified using the 2^−ΔΔCq^ method ([@b26-ol-0-0-11639]) and normalized to the internal reference gene β-actin. qPCR was performed in triplicate.

### Cell transfection

To induce NPBWR1-2 overexpression, five ovarian cancer cell lines were transfected with an NPBWR1-2 expression vector (lnc-NPBWR1-2; Genewiz, Inc.) or with a pcDNA3.1 negative control (NC) empty vector (Tianjin Saierbio, Inc.). Cells were plated in 6-well plates (3×10^5^ cells/well) and incubated overnight at 37°C. Cells (\~1.75×10^5^ cells)with the plasmids (4 µg) were transfected using Lipofectamine^®^ 2000 (Invitrogen; Thermo Fisher Scientific, Inc.), according to the manufacturer\'s protocol. Following transfection for 48 h, cells were collected and prepared for further experiments.

### Cell viability assay

To determine cell viability, cells were examined using an MTT assay. Cells were seeded (1×10^3^ cells/well; IGROV1, A2780, SKOV3, ES2, Hey cells and IGROV1, A2780, SKOV3, ES2, Hey/lnc-NPBWR1-2 cells) into 96-well plates. SKOV3 cell viability was assessed at different time points (24, 48 and 72 h) and others was assessed at 48 h using the MTT assay. A total of 100 µl DMSO was used to dissolve the purple formazan in each well. The optical density of each well, which represented cell proliferation, was measured daily for four consecutive days at a wavelength of 570 nm to estimate the number of viable cells at each time point. The cell viability rate (%)=experimental group A570 mean value/control group A570 mean value ×100%.

### Cell proliferation assay

Cells were trypsinised using 0.25% trypsin and resuspended in RPMI-1640 medium (Gibco; Thermo Fisher Scientific, Inc.) with 10% FBS, seeded 200 cells into 12-well plates and cultured in a humidified atmosphere containing 5% CO~2~ at 37°C for 7--14 days. Following incubation, cell colonies were washed with PBS, fixed with 4% methanol at 4°C for 30 min, and stained with 0.1% crystal violet (1 mg/ml) for 20 min at room temperature. Colonies containing \>50 cells were counted, and the mean colony number was calculated.

### Cell migration and invasion assays

Cell migration and invasion were assessed using Transwell assays. To assess cell invasion, matrigel was dissolved and plated into each well prior to seeding cells and medium into the Transwell plates for 1 h at room temperature. Cells were trypsinised using 0.25% trypsin and subsequently plated (1×10^5^) in 100 µl serum-free RPMI-1640 medium into the upper chambers of the Transwell plates. RPMI-1640 medium supplemented with 20% FBS (500 µl) was plated into the lower chambers of the Transwell plates. Following incubation for 48 (migration assay) or 72 h (invasion assay), cells on the lower surface of the Transwell membrane were fixed with 75% methanol \[a mixture of methanol and glacial acetic acid (3:1)\] for 30 min at room temperature, and stained with 0.1% crystal violet for 15 min at room temperature. Stained cells were counted in three randomly selected fields of view using an fluorescence inverted microscope at ×200 magnification.

### Cell apoptosis assays

The relative number of apoptotic cells was measured using an Annexin V-FITC/Propidium Iodide (PI) Apoptosis Detection kit according to the manufacturer\'s protocol (Shanghai Kaifeng Biotechnology). Briefly, cells were seeded (1×10^5^ cells/well) into 6-well plates, 200 µl Annexin V followed by 10 µl PI was added to each well and cells were incubated for 10--20 min at room temperature in the dark. Subsequently, cells were washed twice with cold PBS. Early apoptotic cells were detected and analysed using a BD LSRFortessa™ flow cytometer (Becton, Dickinson and Company). Data were analysed using BD FACSDiva software (version 6.0; Becton, Dickinson and Company).

### Western blotting

Cells were washed with PBS. Total protein was extracted using ProteoJET Mammalian Cell Lysis Reagent (Fermentas; Thermo Fisher Scientific, Inc.), according to the manufacturer\'s instructions. Protein levels were determined using a BCA protein assay kit (Pierce; Thermo Fisher Scientific, Inc.). Subsequently, proteins (20 µg) were separated via 10% gel by SDS-PAGE and transferred onto PVDF membranes. The membranes were blocked with 0.05% Starting Block Blocking buffers (Thermo Fisher Scientific, Inc.) for 10 min at room temperature. Subsequently, the membranes were incubated at 4°C overnight with primary antibodies targeted against: IGFBP-7 (cat. no. GTX31152) and GAPDH (cat. no. GTX100118) (both 1:1,000; both from GeneTex, Inc.). Following primary incubation, the membranes were washed four times using TBS with 0.1% Tween-20. Membranes were then incubated with goat anti-rabbit IgG (1:10,000; cat. no. ab205718; Abcam) secondary antibodies for 1.5 h at room temperature. Protein bands were visualized using Western Lightning™ Chemiluminesence Reagent (PerkinElmer, Inc.) and photographed using a LabWorks™ gel imaging and analysis system (Analytik Jena AG). GAPDH was used as the loading control.

### Bioinformatics analysis

The microRNA Target Prediction Database (miRDB) website ([mirdb.org/index.html](mirdb.org/index.html); human) was used to integrate the lncRNA/miRNA and miRNA-target networks, and predict miRNA/lncRNA relationships.

### Statistical analysis

Data are expressed as the mean ± standard deviation (unless otherwise shown). Differences in the expression levels of NPBWR1-2 among the different experimental groups were analysed using an unpaired Student\'s t-test. In cell proliferation, migration, invasion and apoptosis assays, the SKOV3/NC group was set at 1. Statistical analyses were performed using SPSS software (version 17.0; SPSS, Inc.). P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### lncRNA microarray analysis

In order to identify differentially expressed lncRNAs between EOC and IOSE80 cells, the lncRNA expression profiles of the two cell types were compared ([Fig. 1](#f1-ol-0-0-11639){ref-type="fig"}). Collectively, the five EOC cell lines displayed 110 upregulated and 699 downregulated lncRNAs, suggesting that these lncRNAs were associated with EOC formation and development. The expression profile of lncRNA NPBWR1-2 was assessed using RT-qPCR and microarray assays. Compared with IOSE80 cells, NPBWR1-2 was downregulated by more than two-fold in all five ovarian cancer cell lines, according to the microarray results. The RT-qPCR results were consistent with the microarray results ([Fig. 2](#f2-ol-0-0-11639){ref-type="fig"}).

### NPBWR1-2 overexpression decreases cell viability, inhibits proliferation, migration and invasion, and promotes apoptosis

SKOV3 is a serous adenocarcinoma cell line, which displays one of the highest incidence rates of ovarian cancer ([@b27-ol-0-0-11639]). Among the five ovarian cancer cell lines, the expression levels of NPBWR1-2 were highest in the SKOV3 cell line; therefore, SKOV3 cells were chosen for subsequent experiments ([Fig. 2](#f2-ol-0-0-11639){ref-type="fig"}). The expression level of NPBWR1-2 was significantly upregulated in the SKOV3/lnc-NPBWR1 group compared with the SKOV3/NC group, as determined by RT-qPCR ([Fig. 3](#f3-ol-0-0-11639){ref-type="fig"}). Similar results were obtained for NPBWR1-2 expression in the other four ovarian cancer cell lines ([Fig. S1](#SD1-ol-0-0-11639){ref-type="supplementary-material"}). Cell viability was significantly decreased in the lnc-NPBWR1-2 group compared with the NC group for each of the five cell lines (IGROV1, P\<0.0001; A2780, P\<0.001; SKOV3, P\<0.0001; ES2, P\<0.0001; and Hey, P\<0.0001, [Fig. S2](#SD1-ol-0-0-11639){ref-type="supplementary-material"}). The results of the cell viability assay in SKOV3 cells are displayed in [Fig. 4A](#f4-ol-0-0-11639){ref-type="fig"}. The mean OD~570~ values of the SKOV3/NC and SKOV3/lnc-NPBWR1-2 groups were 0.328±0.018 and 0.41±0.030, 0.431±0.019 and 0.557±0.021, and 0.590±0.019 and 0.87±0.011 at 24, 48 and 72 h, respectively (P\<0.0001; [Fig. 4A](#f4-ol-0-0-11639){ref-type="fig"}). Cell proliferation was significantly decreased in the SKOV3/lnc-NPBWR1-2 group compared with the SKOV3/NC group (P\<0.001; [Fig. 4B](#f4-ol-0-0-11639){ref-type="fig"}), indicating that NPBWR1-2 overexpression inhibited SKOV3 cell proliferation *in vitro*. The mean number of migratory cells in the SKOV3/lnc-NPBWR1-2 and SKOV3/NC groups was 249.667±25.541 and 457.333±4.933, respectively (P\<0.001; [Fig. 4C](#f4-ol-0-0-11639){ref-type="fig"}). The number of invading cells was significantly lower in the SKOV3/lnc-NPBWR1-2 group compared with the SKOV3/NC group (P\<0.001; [Fig. 4D](#f4-ol-0-0-11639){ref-type="fig"}). Furthermore, the relative number of apoptotic cells was increased in the SKOV3/lnc-NPBWR1-2 group compared with the SKOV3/NC group ([Fig. 4E](#f4-ol-0-0-11639){ref-type="fig"}).

### NPBWR1-2 overexpression affects IGFBP7 expression

The expression level of IGFBP7 in the SKOV3/NC group was significantly lower compared with the SKOV3/lnc-NPBWR1-2 group (P\<0.001; [Fig. 5](#f5-ol-0-0-11639){ref-type="fig"}).

### miRNA prediction

Using the miRDB, the miRNAs that competed with lncRNA NPBWR1-2 were predicted. A total of 20 miRNAs were identified as potential targets for NPBWR1-2 ([Fig. 6](#f6-ol-0-0-11639){ref-type="fig"}).

Discussion
==========

Recently, an increasing number of studies investigating the roles of lncRNAs associated with cancer, immune signalling and the maintenance of stem cell biological characteristics have been conducted ([@b12-ol-0-0-11639],[@b28-ol-0-0-11639],[@b29-ol-0-0-11639]). lncRNAs display 'one-to-many' and 'many-to-one' regulatory functions and can regulate gene expression at multiple levels, including epigenetic, transcriptional and post-transcriptional levels ([@b30-ol-0-0-11639]). Previous studies have indicated that abnormal lncRNA expression is associated with tumour development, recurrence and metastasis ([@b31-ol-0-0-11639]--[@b33-ol-0-0-11639]). In clinical practice, patients administered with the same treatment often display different clinical responses, which may be explained in part by the differential expression of lncRNAs among patients ([@b34-ol-0-0-11639]). lncRNAs also function as competitive endogenous RNAs to regulate miRNA expression; however, the association between lncRNAs and miRNAs in ovarian cancer is not completely understood ([@b35-ol-0-0-11639]).

In patients with ovarian cancer, it is rarely possible to identify the histological type before surgery, and the lack of effective available biomarkers is a challenge for the detection and diagnosis of early-stage EOC without obvious symptoms ([@b3-ol-0-0-11639],[@b36-ol-0-0-11639]). By identifying a marker that is sensitive to all types of EOC, ovarian cancer could be detected and diagnosed at an earlier stage, allowing patients to receive early treatment to maximize survival time. In the present study, five different ovarian cancer cell lines, which represent the most common ovarian cancer tissue types, were selected. Combined with the results of the present study, NPBWR1-2 was identified as a candidate lncRNA for ovarian cancer. The gene encoding NPBWR1-2 is located on chromosome 8, and to the best of our knowledge, the expression profile of NPBWR1-2 in ovarian cancer has not been previously reported ([@b37-ol-0-0-11639]). By performing a series of *in vitro* experiments, NPBWR1-2 expression levels in SKOV3 cells, following transfection with an NPBWR1-2 overexpression vector, were detected. The increased expression of NPBWR1-2 reduced the proliferation, invasion and migration of SKOV3 cells, suggesting that NPBWR1-2 overexpression inhibited the proliferation, invasion and migration of ovarian cancer cells. The results of the lncRNA microarray and *in vitro* experiments indicated that NPBWR1-2 was associated with ovarian cancer.

In various types of cancer, IGFBP7 is involved in a number of processes, including cell differentiation, cell adhesion, angiogenesis, cell proliferation and survival, aging and apoptosis ([@b38-ol-0-0-11639]). Moreover, it has been reported that IGFBP7 acts as a tumour suppressor gene ([@b39-ol-0-0-11639]). The western blotting results indicated that NPBWR1-2 overexpression significantly increased the expression of IGFBP7, which further suggested that NPBWR1-2 was associated with the occurrence and development of ovarian cancer.

Using bioinformatics analysis, 20 miRNAs that were predicted to bind to lncRNA NPBWR1-2 were identified, most of which are associated with the occurrence and development of tumours, including miR-153-5p, miR-548c-3p, miR-664a, miR-1299 and miR-1179. Recently, miRNA-153-5p was identified as an anticancer factor, which regulates tumour suppressor genes and participates in the growth, metastasis and infiltration of tumours ([@b40-ol-0-0-11639]). Some studies have reported that miRNA-153-5p is negatively regulated in hepatocellular carcinoma cell lines and tissues, and inhibits cell migration and invasion by binding to the 3′ UTR of Snail ([@b41-ol-0-0-11639]--[@b43-ol-0-0-11639]). Niu *et al* ([@b44-ol-0-0-11639]) demonstrated that miRNA-153 overexpression decreases the proliferation and invasion of osteosarcoma cells by inhibiting the transforming growth factor-β signalling pathway. Zhou *et al* ([@b45-ol-0-0-11639]) reported that miR-153 inhibits cell proliferation, suppresses epithelial-mesenchymal transition and reduces cell invasion in ovarian cancer cells by downregulating SET domain containing 7, histone lysine methyltransferase and zinc finger E-box binding homeobox 2, suggesting that miR-153 may serve as a therapeutic target for ovarian cancer.

The role of miR-548c-3p has been investigated in various types of cancer, including breast, prostate and *Helicobacter pylori*-negative gastric cancer ([@b46-ol-0-0-11639]--[@b48-ol-0-0-11639]). It has been hypothesized that miR-548c-3p mutations may drive tumorigenesis ([@b49-ol-0-0-11639]). In breast cancer tissues, miR-548c-3p expression is low; however, miR-548c-3p overexpression can induce apoptosis, which ultimately inhibits breast cancer cell proliferation ([@b50-ol-0-0-11639]). Furthermore, miR-548c-3p inhibits glioma tumorigenesis via MYB proto-oncogene, transcription factor ([@b51-ol-0-0-11639]). The results of the aforementioned studies indicated that miR-548-3p may serve as a therapeutic target in various types of cancer.

A number of studies have reported that miR-664a participates in the regulation of cancer cell proliferation and migration, primarily via increasing miR-664a expression ([@b52-ol-0-0-11639]--[@b54-ol-0-0-11639]). Sahin *et al* ([@b55-ol-0-0-11639]) demonstrated that miR-664a binds to and alters the expression of lncRNA maternally expressed 3, which alters the migration of osteosarcoma cells.

Previous studies have suggested that miRNA-1299 is associated with the occurrence and development of a number of different tumours; however, its precise role has not been previously reported. During prostate cancer, miR-1299 regulates the Pim-1 proto-oncogene, serine/threonine kinase-STAT3 signalling pathway ([@b56-ol-0-0-11639]). miR-1299 is also downregulated in retinoblastoma, alcoholic hepatitis and hepatocellular carcinoma tissues ([@b57-ol-0-0-11639]--[@b59-ol-0-0-11639]).

miRNA-1179 is located on chromosome 15q26.1, which has been identified as a cancer susceptibility locus ([@b60-ol-0-0-11639]). Several studies have reported the aberrant expression of miR-1179 in various types of human cancer, such as colorectal, familial breast, pancreatic and thyroid cancer, as well as glioma ([@b61-ol-0-0-11639]--[@b65-ol-0-0-11639]); however, the role of miR-1179 during cancer progression is not completely understood.

Although the results of the present study further indicated that numerous potential molecular markers were closely associated with the development of ovarian cancer, further investigation is required. To provide a theoretical basis for the development of novel clinical treatments, future studies should verify the molecular markers identified in the present study, perform functional studies on lncRNA NPBWR1-2 and explore the molecular mechanism underlying the interaction between lncRNA NPBWR1-2 and its associated miRNAs.
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![Differentially expressed lncRNAs in EOC cells. Total RNA was isolated from five EOC cell lines (IGROV1, A2780, SKOV3, ES2 and Hey) and the IOSE80 cell line, reverse transcribed into double-stranded cDNAs and hybridized with a human lncRNA microarray. The microarray results were analysed using Agilent Feature Extraction software. P\<0.05 and \|fold change\| \>2 were considered to indicate differential expression. Black and gray bars represent the number of upregulated and downregulated lncRNAs, respectively, in the EOC cell line compared with the IOSE80 cell line. lncRNA, long non-coding RNA; EOC, epithelial ovarian cancer.](ol-20-01-0685-g00){#f1-ol-0-0-11639}

![Validation of RT-qPCR and microarray results. NPBWR1-2 was downregulated in the five ovarian cancer cell lines compared with IOSE80. RT-qPCR, reverse transcription-quantitative PCR; NPBWR1-2, neuropeptides B and W receptor 1--2.](ol-20-01-0685-g01){#f2-ol-0-0-11639}

![Expression levels of NPBWR1-2 in SKOV3/NC and SKOV3/lnc-NPBWR1-2 cells. Cells were transfected with an NPBWR1-2 overexpression vector or a nonsense pcDNA3.1 control vector. \*\*P\<0.01. NPBWR1-2, neuropeptides B and W receptor 1--2; NC, negative control; lncRNA, long non-coding RNA.](ol-20-01-0685-g02){#f3-ol-0-0-11639}

![Effects of NPBWR1-2 on SKOV3 cell viability, proliferation, migration, invasion and apoptosis. Cells were transfected with an NPBWR1-2 overexpression or a nonsense pcDNA3.1 control vector. (A) Cell viability was measured using the MTT assay. (B) Cell proliferation was assessed using a colony-formation assay. Cell (C) migration and (D) invasion were assessed using Transwell assays. (E) Apoptotic cells were detected by flow cytometry (the SKOV3/NC group was set at 1 in B, C, D and E). \*\*\*P\<0.001 and \*\*\*\*P\<0.0001. NPBWR1-2, neuropeptides B and W receptor 1--2; NC, negative control; lncRNA, long non-coding RNA.](ol-20-01-0685-g03){#f4-ol-0-0-11639}

![Effects of NPBWR1-2 on IGFBP7 expression in SKOV3 cells. The expression of IGFBP7 was analysed by western blotting in SKOV3/lnc-NPBWR1-2 and SKOV3/NC cells. \*\*\*P\<0.001. NPBWR1-2, neuropeptides B and W receptor 1--2; IGFBP7, insulin-like growth factor binding protein 7; lncRNA, long non-coding RNA; NC, negative control.](ol-20-01-0685-g04){#f5-ol-0-0-11639}

![miRNAs predicted to be closely associated with lncRNA NPBWR1-2. Using the miRNA Target Prediction Database, 20 miRNAs that were predicted to target NPBWR1-2 were identified. miRNA/miR, microRNA; lncRNA, long non-coding RNA; NPBWR1-2, neuropeptides B and W receptor 1--2.](ol-20-01-0685-g05){#f6-ol-0-0-11639}

[^1]: Contributed equally
